We carried out a study of neutrino detection at the experimental fast reactor JOYO using a 0.76 tons gadolinium loaded liquid scintillator detector. The detector was set up on the ground level at 24.3 m from the JOYO reactor core of 140 MW thermal power. The measured neutrino event rate from reactor on-off comparison was 1.11±1.24(stat.)±0.46(syst.) events/day. Although the statistical significance of the measurement was not enough, the background in such a compact detector at the ground level was studied in detail and MC simulation was found to describe the data well. A study for improvement of the detector for future such experiments is also shown.
Introduction
Reactor neutrinos have been playing an important 2 role since its first discovery in 1956 [1] for the progress 3 of elementary particle physics and to deepen our under-4 standing of the nature. Now the reactor neutrino de- Table 1 : Number ofν e per fission with the energy above 1.8MeV [7] and energy release per fission for major isotopes in nuclear reactors [8] .
'breeded' from 238 U through neutron absorption and β- measurements of β-decay spectra with 2.5 % systematic 139 uncertainty [7] . 
Neutrino detection principle

141
Reactor neutrinos are detected with a liquid scintillator formulated from organic oils. Organic oils are abundant in free protons and the reactorν e react with the proton through inverse β-decay reaction. 
151
The detector contains gadolinium-loaded liquid scintillator (Gd-LS), in which neutrino signals are detected by using delayed coincidence technique. A positron kinetic energy and γ's from its annihilation are observed as the prompt signal. Since the recoil energy of neutron is small, neutrino energy can be measured from the energy of the prompt signal. There is a 30 cm diameter chimney at the top of the Gd-LS used in our detector are summarized in Table 2 .
214
The scintillation lights from Gd-LS were measured shows a reconstructed energy spectrum from the data 320 taken with a 60 Co γ-ray source at the detector center.
321
The 60 Co source mainly emits two gamma rays with 
326
In addition, the measured data with 241 Am-9 Be (α, 
350
The energy of γ-rays ranges up to 2.6 MeV. However,
351
there were γ-ray contaminations above the discrimina- be detected by usual neutron counters.
386
The background events which satisfy the delayed co- 
Neutrino event selection and results
441
We used the data taken with delayed coincidence trig- 
474
In order to further reduce background events remained after the energy and ∆t cuts were applied, charge balance (CB) is defined as follows:
where Q corr i is observed charge from i-th PMT after gain Table 3 : Effect of selection criteria on the reactor neutrino events in the detector. Each cut condition is described in Section 6. The neutrino event selection cuts and expected event 517 rates are summarized in Table 3 . 
Result of the reactor neutrino event selection
519
The result of the neutrino event selection is summa-520 rized in Table 4 : Observed event rates (events/day) and the statistical uncertainties after the neutrino event selection criteria were applied. Accidental background event rates were estimated by single background event rate. Correlated event rates were obtained by subtracting the accidental BG event rate from the total event rate.
reactor-on data and 18.5 days of rector-off data was ob- Figure 15: Reconstructed energy spectrum after neutrino event selection criteria except for the prompt energy cut was applied. Points show the data with the statistical errors in which energy spectrum measured for reactor-off is subtracted from that taken for reactor-on. Accidental background event rates were estimeted from the data and subtracted. Boxes show the expected reactor neutrino energy spectrum from MC simulation with the MC statistical errors.
New detector design for the next experiment
547
Problems found in the JOYO experiment were fol-548 lowing.
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